Mirpour K, Ong WS, Bisley JW. Microstimulation of posterior parietal cortex biases the selection of eye movement goals during search.
I N T R O D U C T I O N
When we scan a scene for an object, we subconsciously make no more than three eye movements per second, yet the search is fast and efficient. Based on behavioral findings, theoreticians have proposed biologically plausible models that explain this efficiency, using bottom-up salience and top-down cognitive inputs (Itti and Koch 2000; Koch and Ullman 1985) . We (Ipata et al. 2009; Mirpour et al. 2009 ), among others ), have suggested that the lateral intraparietal area (LIP) of posterior parietal cortex acts similarly to one of these models-as a priority map (Fecteau and Munoz 2006; Serences and Yantis 2006) . In this model, eye movements are made toward the highest activity, representing the most behaviorally important location of the scene (Ipata et al. 2006; Itti and Koch 2001) .
Evidence that LIP may act as a priority map comes from a host of recording studies. They show that LIP neurons have activity related to eye movements; many of which respond before saccade initiation (Andersen et al. 1987; Barash et al. 1991; Gnadt and Andersen 1988) . They also show that activity in LIP reflects cognitive information, such as reward likelihood (Dorris and Glimcher 2004; Sugrue et al. 2004) , the selection of saccade targets during active visual search (Buschman and Miller 2007; Ipata et al. 2006 ; Thomas and Pare 2007) , and the accumulation of evidence for decision making in direction discrimination tasks (Churchland et al. 2008; Roitman and Shadlen 2002) . Finally, LIP activity is also affected by exogenous inputs (Balan and Gottlieb 2006) . Thus activity within LIP contains all the information necessary for it to act as a priority map.
In addition to the appropriate activity needed for a priority map, LIP also has the connections with oculomotor areas, such as the frontal eye fields (FEFs) and superior colliculus (SC) (Andersen et al. 1985 (Andersen et al. , 1990 , which allow it to influence the selection of saccade goal targets. However, causal evidence that activity from LIP is actually used in this manner is limited Hanks et al. 2006; Wardak et al. 2002) . In this study, we asked whether low current microstimulation of LIP could bias animals to select a particular stimulus by creating an artificial peak on the priority map.
M E T H O D S
All experiments were approved by the Chancellor's Animal Research Committee at UCLA as complying with the guidelines established in the Public Health Service Guide for the Care and Use of Laboratory Animals. Two monkeys (8 -10 kg) were implanted with head posts, scleral coils, and recording cylinders during sterile surgery under general anesthesia as described previously Mirpour et al. 2009 ). The animals were trained on the standard memory-guided saccade task (MGS) and on the foraging task ( Fig. 1 ). Experiments were run using the REX system (Hays et al. 1982) , and visual stimuli were presented on a CRT using the associated VEX software.
To begin a trial of the foraging task, the monkeys had to fixate a spot placed on the center of the screen. After a delay of 450 -700 ms, an array of five potential targets (T) and five distractors (ϩ) were presented. One of the Ts had a juice reward associated with it (the target), such that if the monkey looked at it for 500 ms within 8 s after the start of trial, he would get the reward. The stimuli were arranged in such a fashion that, when the monkey looked at one stimulus, the receptive field of the multiunit LIP activity could encompass a single other stimulus. On each trial, the spatial arrangement of the stimulus array was identical, but the positions of the potential targets and distractors were randomly assigned (Mirpour et al. 2009 ). Thus from session to session, the locations of the objects were different, and within a session, there were 252 possible stimulus configurations.
We recorded extracellular multiunit activity from LIP using tungsten microelectrodes guided by coordinates from MRI images. The activity was considered to be in LIP if it showed a visual burst, sustained delay activity, and/or a perisaccadic burst in the MGS task (Barash et al. 1991) . To be included, sites had to have at least perisaccadic activity or sustained delay activity. The size and position of the receptive field of the multiunit response was initially mapped by hand and then with a more detailed MGS mapping paradigm. For this procedure, the receptive fields were probed with nine points arranged in a 3 ϫ 3 matrix within the contralateral visual field to estimate the coarse range of location and size of the receptive field. The output of these data was used to set up a more tightly constrained 25-point array in a 5 ϫ 5 matrix. At the end of this procedure, the boundaries of the receptive field were defined with an accuracy of ϳ0.5°. Receptive field eccentricities ranged from 5 to 15°. The diameter of the receptive fields ranged from 2.5 to 7.5°. We arranged the stimuli in the foraging task array in a way such that we had only one object inside the receptive field. If the size or eccentricity of the receptive field did not let us arrange 10 objects on the monitor without receptive field overlap, we excluded that site and looked for a new recording site. Therefore very large and/or eccentric receptive fields that did not pass the criteria were not included in the study.
If the location and size of the receptive field remained similar along a 100-m path of the electrode, the foraging task was run, and microstimulation was performed in the center of the 100-m cluster. Two thirds of trials were slated as microstimulation trials, but stimulation was only performed if the animal made Ն3 saccades, and the third saccade was not to the target. This resulted in stimulation on ϳ29% of all trials. We performed microstimulation after the third saccade to balance the probability of having a fixated or unfixated T within the receptive field at the time of stimulation. Microstimulation was presented as a 350-ms burst of 20-A peak-to-peak biphasic pulses with a frequency of 200 Hz (Bisley et al. 2001; Salzman et al. 1990 ), occurring 150 ms after the third saccade. This window was chosen because it corresponded with the period during which a stabilized response was seen in the neural activity, which differentiated between targets, distractors, and previously fixated targets (Mirpour et al. 2009 ). Microstimulation was terminated on initiation of a saccade if it happened before the end of the 350-ms window of stimulation. After stimulation, the trials were continued like any other trial; if the monkeys found and maintained fixation on the target, they were rewarded.
Because microstimulation was only performed on trials with more than three saccades, we needed to create a set of control data that would have at least as many saccades per trial as the stimulation data. This is important because performance and saccade goal choices in one, two, and three saccade trials are quite different from those in trials with more than three saccades. To create these control data, we used a resampling method that matched the stimulation data as best as possible, while using as many different control trials as possible. For each iteration, a number of trials (equal to the number of stimulation trials) were randomly chosen from the nonstimulation data in such a way that the number of fixations in each nonstimulation trial had to be equal to or more than the matched stimulation trial. The probability of making a saccade to the receptive field and the percent correct in that set of control trials were calculated for each iteration. This process was repeated 10,000 times. The mean and SE for the probabilities were calculated from the resultant distribution and were used for plotting the data. Statistical comparisons were made between the control data and the stimulation data by testing whether the stimulation data lay above the top 97.5th percentile or below the 2.5th percentile of the distribution. This is labeled as a bootstrap test of significance in the text.
R E S U L T S
To study eye movements in unconstrained viewing, two rhesus macaques were trained on a visual foraging task in which they searched through 10 stimuli (5 potential targets, Ts, and 5 distractors, ϩs) to find the target, which was loaded with reward ( Fig. 1 ). Once the stimuli appeared, the monkeys had 8 s to find the target and were free to move their eyes to any location; no eye movements were "errors" that would cancel the trial. To get the reward, the monkeys had to fixate the target for 500 ms; this lead to a strategy in which they usually looked from T to T, waiting at each for ϳ600 ms. The details of the animals' behavior in this task have been examined in depth elsewhere (Mirpour et al. 2009 ). In brief, the animals are excellent at differentiating between targets and distractors and have a good memory of what objects they have seen before. We have described this as efficient search, using the term efficient to describe the ability to find the target using the smallest number of saccades and not to describe how optimal the scan path is. Importantly, we showed that the animals do not follow a single stereotyped scan path from trial to trial, meaning that they must use their memory to perform the task efficiently. We also showed that the activity in LIP during this task is related to the behavioral importance of the stimulus within the receptive field. Greatest activity is seen in response to potential targets, significantly less activity is seen in response to Ts that have been fixated and found not to contain the reward, and the weakest activity is seen in response to distractors, which never contain a reward (Mirpour et al. 2009 ). We predicted that if LIP is used to guide eye movements, low current microstimulation should bias the animals to make saccades toward the object in the receptive field of the stimulated neurons.
In each microstimulation session, we first identified the eccentricity and size of the receptive field by recording the LIP multiunit activity while the animals performed a delayed MGS. Once the receptive field was defined, we placed the stimuli within the search array such that when the animal looked at one stimulus, a single other stimulus was usually in the receptive field of the multiunit activity ( Fig. 1) . We microstimulated the center of a 100-m cluster of LIP neurons on 29.2 Ϯ 0.44% (SE from all sessions) of trials, after monkeys made the third saccade to an object that was not the target. Stimulation began 150 ms following the end of the third saccade and lasted for 350 ms or until the next saccade was initiated, whichever came In each trial, 5 distractors (ϩ) and 5 potential targets (T) were presented. One T, the target, had a fluid reward linked to it, such that when the monkey looked at it for 500 ms within 8 s, he obtained the reward. The stimuli were arranged so that when looking at 1 stimulus (small black circle), another stimulus was usually centered in the receptive field of the lateral intraparietal area (LIP) multiunit activity (black oval). A 350-ms burst of biphasic pulses was injected into LIP 150 ms after the third saccade on ϳ29% of trials.
first. We recorded the behavior in 30 microstimulation sessions (16 sessions for monkey E, 14 sessions for monkey D) and in 31 sham sessions, in which the same task was run but current injection was not performed. Performance was measured as the percentage of trials in which the animal found the target and received the reward out of the total number of trials in which the array appeared. The number of correct trials ranged from 405 to 1,905 (average, 964) per session. For all sessions, performance and behavior for stimulation (or sham stimulation) trials were compared with performance and behavior from a control set of data that was obtained using a resampling method to select nonstimulation trials with similar numbers of saccades (see METHODS for details). All analyses were done in each individual animal and, because all reported significant results were significant in each individual monkey, we only show the pooled data.
Monkeys were usually able to find the target within the 8-s time limit, and microstimulation did not change their overall performance. There was a significant difference in percent correct in only 1 of the 61 individual sessions (bootstrap test of significance, P Ͻ 0.05), and overall, performance was not significantly different in the microstimulation (P ϭ 0.9, Wilcoxon signed-rank test) or sham (P ϭ 0.7) sessions (Fig. 2) .
Microstimulation of LIP-biased eye movements toward items the monkeys did not usually look at. During normal behavior, the majority of saccades are made toward potential targets rather than distractors (Mirpour et al. 2009 ). Microstimulation of LIP during fixations in which there was a distractor inside the receptive field increased the average probability of making a saccade toward the receptive field compared with control trials, whereas there was no such difference in the sham sessions (Fig. 3A) . Stimulation under these conditions occurred in 62.5 Ϯ 4.9 trials per session. In 13 (43%) sessions, microstimulation significantly biased saccades toward distractors (red symbols in Fig. 3B ; bootstrap test of significance), whereas it never significantly reduced the probability of going to the distractor. Thus this effect was highly significant across the population (P ϭ 0.0002, Wilcoxon signed-rank test). In sham sessions, microstimulation significantly increased the probability of going to a distractor in four (13%) sessions and reduced the probability in one (3%) session. In addition, there was no overall bias toward distractors across the population (P ϭ 0.63; Fig. 3C ).
Microstimulation slightly increased the probability that the animals would look at Ts that they had already fixated. In normal behavior, monkeys rarely look at Ts that have been fixated and thus have been ruled out as containing the reward, and the activity of LIP neurons under these conditions is suppressed (Mirpour et al. 2009 ). In 33.2 Ϯ 3.8 trials per session, a previously fixated T was in the receptive field when stimulation occurred. In this case, microstimulation significantly biased the probability of making a saccade to the receptive field in three (9%) sessions (red symbols in Fig. 4B ). Such an effect was only seen in one sham session (Fig. 4C ). In no case did microstimulation significantly decrease the probability that a saccade would be made to a fixated T. The average probability of making a saccade to a fixated T showed the same direction and magnitude of bias that we observed in the case of distractors inside the receptive field (cf. Figs. 4A and 3A); however, this difference was not significant for the data in Fig.  4 (P ϭ 0.276). To see whether the bias was significant under more constrained conditions, we restricted our analyses to sessions in which monkeys did not make any saccades to fixated targets inside the receptive field in at least one condition (orange boxes in Fig. 4B ). Our hypothesis was that, if the effect of microstimulation is real, but weak, it should be most obvious in sessions in which the animals best suppressed saccades to Ts that they had already fixated. Under these conditions, microstimulation significantly biased the eye movements toward the fixated Ts in the receptive field (P ϭ 0.003; vertical orange box in Fig. 4B ). To show that this shift is real, we performed three controls. First, we ran the same analysis on sham sessions and found that there was no significant difference in probability of looking at a fixated T in the receptive field, when only sessions in which the monkey never looked at the fixated T in control trials were included (vertical orange box in Fig. 4C; P ϭ 0.25) . The remaining two analyses tested the reverse assumption by only examining sessions in which microstimulation never biased the eyes toward the fixated T and showed that the probability of making a saccade to the fixated T did not increase in control trials, both in sham (P ϭ 0.06) and microstimulation (P ϭ 0.25) sessions (see horizontal orange boxes in Fig. 4, B and C) .
Microstimulation of LIP did not obviously bias the animals to look at a potential target, which they were likely to look at anyway. Because microstimulation was performed after the third saccade, there were often only two potential targets remaining, depending on how many of the previous three saccades were made to Ts. As such, trials in which a potential target was in the receptive field during stimulation only occurred 25.1 Ϯ 2.1 times per session. In these trials, micro-stimulation did not change the average probability of the animals making a saccade toward the receptive field (Fig. 5 , A and C; P ϭ 0.64). Interestingly, when the data were examined closely, there was an increase in probability that was in the same direction and magnitude as the other effects and was absent in the sham data (cf. Figs. 5B and 3A and 4A, which are plotted on the same scale). We suggest that microstimulation is probably causing a similar small bias in behavior, but that given the size and variance of the probabilities in this condition, the bias is hidden in the noise and cannot be confirmed statistically.
Microstimulation of LIP did not seem to bias saccade goal selection for subsequent saccades. It is possible that animals plan several saccades in advance and, by microstimulating LIP, we are more likely to bias subsequent saccades rather than the saccade being planned. To test this, we analyzed the probability that a subsequent saccade would be made to the visual stimulus that was inside the receptive field during stimulation. We found no evidence that microstimulation changed the probability of making a subsequent saccade to any of the stimuli; the average probability of making a saccade to a distractor, a fixated T, or a potential target was no different between stimulation and control trials (P ϭ 0.8, 0.3, and 0.6, respectively; Wilcoxon signed rank tests). The same results were observed in sham sessions, with P values of 0.7, 0.6, and 5 . Probability of making a saccade to a potential target inside the RF. A: the average (ϮSE) probability of making a saccade to the RF when there was a potential target inside it in stimulation (stim) and control trials across stimulation (red) and sham sessions (blue). B: magnified version of A without the error bars, highlighting the trend of the effect of microstimulation. C: each point represents the probability of making a saccade to the RF from a single session when there was a potential target inside the RF in stimulation trials (ordinate) compared with control trials (abscissa) in microstimulation sessions. Histograms show the distribution of data points. Red points, single sessions with a significant difference between stimulation and control trials; circle symbol, monkey D; square, monkey E. 0.5 for distractors, fixated Ts, and potential targets, respectively. We conclude that the effect of microstimulation is limited to the next saccade after stimulation. It should be mentioned that it is possible that we did not find any effect in subsequent saccades because the statistical power of the analysis is decreased as a result of the limited number of saccades and potential targets after the fourth saccade. However, if the lack of effect is true, it may be caused by a transient effect of stimulation or, if the induced activity persists, it may mean that activity within LIP is not remapped across saccades (Duhamel et al. 1992) .
To test whether microstimulation of LIP was just eliciting saccades toward the receptive field, rather than biasing saccade goal selection, we calculated the probability of the animal making a saccade to the receptive field when there was no stimulus inside it. On average, empty receptive fields were stimulated in 131.6 Ϯ 8.895 trials per session. Microstimulation of LIP did not increase the probability that a saccade would be made into the empty receptive field (P ϭ 0.6; Fig. 6 ); in fact, the mean probability of going to the empty receptive field decreased from 0.0196 Ϯ 0.008 to 0.0079 Ϯ 0.004 when stimulation trials were compared with control trials.
Saccadic metrics, such as saccade velocity and amplitude, were not significantly different between stimulation trials in stimulation sessions and sham sessions (Wilcoxon rank test, P ϭ 0.6 and 0.9 for velocity and amplitude, respectively).
The effect of microstimulation was independent of the time that the saccade was made relative to the stimulation time. To test this, we pooled all of the stimulation data and looked at the probability that the next saccade would go to the stimulated receptive field as a function of the time that the saccade was initiated relative to the time that stimulation finished. The probability of going to the receptive field after stimulation was completed did not change as the delay between the end of stimulation and saccadic onset increased. There was a reduced probability that the saccade would go to the receptive field in trials in which the saccade was made before stimulation was due to be terminated, but this reduction was seen in the sham data as well. Furthermore, the mean latency of the saccade was 25 ms longer in stimulation sessions than in sham session (P ϭ 0.003, T-test) but was independent of the class of the stimulus in the receptive field. This difference was solely caused by a significant increase in latency for saccades made away from the receptive field; there was no significant difference in latency for saccades made toward the receptive field. From these data, we conclude that microstimulation did not cause a premature motor movement and that the effect of microstimulation was not attenuated because of a gap between the end of microstimulation and the start of the next saccade.
D I S C U S S I O N
Overall, we found that microstimulation of LIP biased saccade goal selection toward visual stimuli within the stimulated receptive field. These effects were small but consistent in magnitude, suggesting that activity in LIP is used to guide eye movements in a manner consistent with the priority map hypothesis.
Microstimulation appeared to bias saccades to all visual stimuli, from which we interpret that stimulation was only effective on a small proportion of trials. Different underlying mechanisms could have produced these results and, although determining the underlying mechanism is beyond reach of this study, we suggest some plausible mechanisms that could make such an effect. Overall, there are two possible ways that microstimulation of LIP can bias saccade goal selection. Either microstimulation adds a small amount of activity to the location on the priority map each time we stimulate or microstimulation has a strong effect, but only in a small percentage of stimulated trials. One way for the former to be true would be if the variance in response to the potential targets were substantially higher than the variance in responses to the fixated Ts or the distractors. If stimulation produces a very small bias, this may have a limited effect when a potential target is in the receptive field because of the large variance seen in this condition. On the other hand, stimulation would make the usually consistent response to a distractor slightly higher, and on trials in which the high variance results in low responses to the potential targets, the distractor would become the goal of the saccade. However, when we looked at the variance of the responses at the single neuron level, they were too consistent among categories for this explanation to be viable. Under these conditions, we would expect that microstimulation would have a much stronger effect when a potential target was in the receptive field than when a previously fixated T or a distractor was in the receptive field. We suggest that a more parsimonious explanation of our data is that microstimulation has a robust effect but only on a small number of trials. We can think of at least two plausible ways that this could occur. First, it is possible that the animals preplan a series of saccades and do not use the activity on the priority map on a saccade-bysaccade basis, although it is updated so that it can be used when needed. In this case, stimulation of LIP always modulates the activity on LIP neurons but may be ineffective on a large number of trials because the animal has already preplanned the next few saccades and ignores the activity in LIP. On the few trials in which the animal works on a saccade-by-saccade basis, stimulation biases saccades toward the object in the receptive field. We tend to think that this is unlikely given that Hanks et al. (2006) found similarly weak effects in a task in which only one eye movement needed to be made. Another way in which microstimulation may only be effective on a minority of trials relates to the state of the network involved in saccade target selection. It is possible that the artificial activity created by subthreshold stimulation is not effectively integrated into the network unless the state of the network is just right. For example, this could be in terms of when artificially induced spikes occur relative to the spikes driven by the endogenous activity. Although our data do not allow us to identify a specific mechanism, our bias is that a mechanism like this is more likely.
Microstimulation did not just trigger eye movements on a small number of trials. To test whether this was the case, we examined the probability that an eye movement would be made to an empty receptive field in stimulation and control trials and found no significant difference. It is possible that the reason we did not see a significant difference was because the expected difference was so small. We do not think this is the case for three reasons. First, we have more trials of this class than of any other class. This gives us the best chances to see a difference within a session. Second, because the effect of stimulation was small, it was generally easiest to see the effects when there were no saccades to the receptive field in the control condition. Because the monkeys rarely made eye movements to the empty receptive field, an effect of stimulation should be easy to see in this condition. Finally, in all the other conditions, the mean probability of going to the receptive field increased by a similar amount in stimulation trials, even when this difference was not significant. However, in this case, the probability of going to the RF in stimulation trials was actually less than in the control trials. Thus we are certain that we are not inducing saccades by microstimulation; a stimulus must be in the receptive field for stimulation to be effective.
Although the increase in probability of making a saccade to an object in the receptive field was very small, it confirms the causal relationship between LIP activity and the selection of the eye movement goal. It is not clear why microstimulation appeared to be so ineffective; however, there are a number of confounding factors that could contribute to this. The first is that the current we used was Ն10 times less than that which has been shown to elicit saccades in LIP (Constantin et al. 2007; Shibutani et al. 1984; Thier and Andersen 1998) . By keeping the current at such low levels, we aimed to bias behavior by stimulating a minimal number of neurons with similar or identical receptive field properties (Salzman et al. 1990 ) and to minimize the possibility that we were stimulating fibers of passage, thus producing effects caused by stimulating areas unrelated to LIP. Second, unlike earlier visual areas or later oculomotor areas, LIP has a relatively poor topographic organization of neurons based on receptive field location (Ben Hamed et al. 2001) , so while we stimulated neurons with consistent receptive field locations, there were probably many more neurons with similar receptive fields that were not stimulated. In line with this, higher currents were needed to measure behavioral changes in an attentional task with LIP microstimulation (Cutrell and Marrocco 2002) , and behavioral effects on saccade goal selection were only found with wide spread inactivation of LIP (Wardak et al. 2002) . Finally, in this task, the animals were free to move their eyes to any location in space; no eye movement was an "error." Thus unlike microstimulation in a two-alternative forced choice paradigm (Hanks et al. 2006 ) or a reaction time task with only two potential target locations (Cutrell and Marrocco 2002) , the induced activity was competing with the physiological activity elicited by the task for all 10 objects, increasing the chance that it would not create a competent or competitive physiological response, which could be used to guide saccade target selection. Hanks et al. (2006) showed a similar magnitude of bias as the result of LIP microstimulation in the context of a twoalternative forced choice direction discrimination task. Based on the data they presented, it is difficult for us to interpret whether the small effect could be caused by a small bias on all trials or a strong effect on a small number of trials. In either case, the bias of saccade direction in that study was interpreted as an increase in the accumulation of sensory evidence in favor of one of the choices. In this study, there is no clear correct choice, and evidence does not need to be accumulated over time in the way it does for noisy motion stimuli-the Ts and distractors are distinct shapes that can be differentiated early in the ventral visual pathway (Kobatake and Tanaka 1994) . However, the end result is similar; in both tasks, saccades are made to the peak activity in LIP. In the two-alternative forced choice task, a threshold must first be passed Roitman and Shadlen 2002) , but in tasks not requiring the accumulation of temporal evidence, a threshold may not be necessary. Thus our hypothesis covers both studies, suggesting that LIP acts to integrate sensory (bottom-up) and cognitive (top-down) information for prioritizing the guidance of eye movements (Gnadt and Andersen 1988; Ipata et al. 2006; Roitman and Shadlen 2002; Thomas and Pare 2007; Wardak et al. 2002) and covert attention Herrington and Assad 2009; Shepherd et al. 2009; Wardak et al. 2004) .
A similarly small effect was reported when the FEF was stimulated with the same current but with a shorter duration. Moore and Fallah (2001) improved monkeys' performance by ϳ3.9% by injecting a low current into FEF in a spatial attention task. This same stimulation has been shown to drive the modulation of V4 activity, similar to what is seen because of attention . These results have been interpreted as meaning that FEF microstimulation acts to focus attention on objects represented by the receptive field of the stimulated neurons. Given that we have suggested that LIP acts to guide attention as well as eye movements (Bisley and Goldberg 2010) , it may be predicted that LIP stimulation should enhance discriminability and further reduce the number of eye movements made to a distractor, which is the opposite of what we found. However, it is important to remember that this enhanced information would be fed into the oculomotor system via LIP, which we are stimulating. Therefore, although there would be a reduction of priority for the distractor coming out of V4, there is still a strong bias being created by the artificial stimulation, which would override this signal.
LIP is interconnected with FEF and the superior colliculus (Andersen et al. 1990) , which have also been implied in the allocation and control of attention and eye movements (Cavanaugh and Wurtz 2004; Ignashchenkova et al. 2004; Noudoost et al. 2010; Schall 2004 ) and, in particular, in the selection of visual targets for saccades (Bichot and Schall 1999; Thompson and Schall 1999) . It has also been shown that subthreshold microstimulation of these areas biases the direction of saccades during target selection (Opris et al. 2005; Schafer and Moore 2007) . Although the microstimulation of FEF and SC has an effect on the selection of the saccade goal, it seems that it has a more crucial role in preparing an appropriate movement to foveate the selected target. We suggest that LIP activity is driven by visual input (Fanini and Assad 2009; Sereno and Maunsell 1998) , including the accumulation of sensory evidence in timedependent tasks Roitman and Shadlen 2002) , and by top-down influences, including reward information (Dorris and Glimcher 2004; Platt and Glimcher 1999; Sugrue et al. 2004 ), stimulus relevance (Gottlieb et al. 1998; Ipata et al. 2009; Mirpour et al. 2009 ), and motor preparation (Gnadt and Andersen 1988 ). This activity is summed to create a priority map (Ipata et al. 2009 ), which is fed forward to FEF and SC and used to guide saccades. Thus the peak in activity created by stimulation of LIP is passed to these structures, influencing the goal of the next saccade. 
